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Abstract: 
In order to improve the method of automatically inspecting the inner wall of an aging tunnel, we 
have developed a method that can flexibly determine the shape of the inspection guide frame according 
to obstacles in the tunnel. The guide frame was composed of VGT, and its shape was controlled based on 
the obtained position information of the obstacle. The shape of the guide frame was determined by using 
the inverse analysis of the shape and spline interpolation to specify the points of the guide frame 
corresponding to the obstacles and to analyze the shape. Based on such analysis and experimental 
results, the shape of a practical guide frame could be determined, and it was expected that tunnel 
inspection could be performed efficiently. 
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Fig.1 Schematic diagram of a guide frame using variable 
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Fig.2 に示すように測域センサ LRF（Laser Range 
Finder,UTM-30LX, 北陽電機）とパンユニット
(SPU-01c, Sustainable Robotics)を結合し，LRF の計
測域θ 1 と傾斜角θ 2 を同期して変化できる計測シス
テムを構築した。この結果，LRF からの反射距離 l
と角度θ 1, θ 2を用いることで，障害物の形状を 3 次
元的に表現できることが可能となった。 
 


















































































(a) Laser Range Finder  
and Pan Unit 
(b) 3D-measurement image 
 using LRM system 
Fig. 2 Object detection by 3-DLaser Range Finder 
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Fig. 3 Object detection method by 3D Laser Range Finder 
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Fig. 4 Results of detection and analysis for objects by LRF 
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 ガイドフレームを 2 次元の多関節のマニュピレー
ターに置き換えると，各VGTのユニット先端 q(x0, y0) 












































逆ヤコビアン行列 J -1 は式（6）で示されるが，正則
行列ではないので必ずしも解は存在しない。そこで，
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手法である。形状の関数 f (x)に対して，区間内 (xk, 







・条件(1): Sk(x)が各接点(xk, yk)を通る。 
 
 
・条件(2): xk前後で Sk (x)が(xk+1, yk+1)を通る。 
 
 
・条件(3): xk前後で Sk (x)の 1 次導関数の値が等しい。 
222 )()(:),( ryyxxyxC jijijjj >−+− (8) 
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Fig.6 Flow of guide frame avoiding circular obstacles 
by simulation  
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・条件(4): xk前後で Sk(x)の 2 次導関数の値が等しい。 
 
 
・条件(5): 始点 x0と終点 xnで Sj (x)の 2 次導関数の値



































































































Table 2 Each constant value of spline function for obstacle 1 
S k(x ) a k b k c k d k
1 -0.022 0 0.47 0
2 0.086 -0.593 -0.071 0.264
3 -0.062 0.821 0.353 0.189
4 -0.003 -0.201 0.568 0.528






























Fig.8 Shape decision of spline function for obstacle1  
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害物を回避するためのガイドフレームの形状を決定



































































































S k(x ) a k b k c k d k
1 -0.15 0 0.708 0
2 0.459 -0.638 -0.194 0.577
3 -0.021 0.453 -0.363 0.251
4 -0.436 0.4 0.366 0.251
5 0.14 -0.612 0.202 0.572




















Fig.9 Shape decision of spline function for obstacle2  
Fig.10 Shape control of guide frame for obstacle 2  
Fig.11 Shape decision flow of guide frame to avoid objects  
(1) Object detection by LRF




(4) Shape simulation of guide frame (3) Shape control by spline interpolation
(5) Shape change of guide frame in Tunnel
Fig.12 Overview of an actual tunnel inspection system  
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